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In a pilot study designed to investigate immunopathologic 
events in the evolution of cutaneous lesions in pemphigus 
foliaceus, we found that in this condition the epidermis is 
replete with CD68+ dendritic cells. The present study was 
designed to investigate the nature of this novel intraepider-
mal CD68+ cell population. For that p~rpose lesio~al skin. of 
five patients wlth PF and, for companson, of patlents wlth 
another acantholytic autoimmune disease, pemphigus vul-
garis, were examined using a panel of monoclonal antibodies 
in a three-step immunoperoxidase technique, in an immuno-
fluorescence double-labeling technique, and by immunoe-
lectron microscopy. We found epidermal CDla+ Langer-
hans cells significantly decreased in pemphigus foliaceus 
compared to pemphigus vulgaris, but pemphigus foliaceus 
and not pemphigus vulgaris epidermis harbored large 
amounts of bone marrow - derived (CD4S+) cells that ex-
pressed CD68, HLA-DR, and p2-integrin antigens, the most 
C D68 is an early-appearing myelomonocytic marker that seems to be retained during the monocyte differ-. entiation pathway [1,2]' The expression of this 110-kD glycoprotein is apparently restricted to neutro-phils and to the phagocytic monocyte/macrophage 
system and investigators found that CD68 represents a reliable phe-
notypic marker to distinguish macrophages from CD68- acces-
sory/dendritic cells [1-3]. In skin CD68 is regularly expressed on 
macrophages of the dermal compartment [3]. Although epidermal 
Langerhans cells (LC) belong to the myelomonocytic lineage, 
CD68 expression has not been found on this intraepidermal sub-
population of normal human skin [1 - 3], except for occasional sin-
gle CD68+ cells that have not been sufficiently characterized (un-
published observation). LC in culture do not express this molecule 
[4] but, interestingly, CD68 expression is found on some "abnor-
mal" LC in Langerhans cell histiocytosis (histiocytosis X) [5,6]. 
In a pilot study, designed to investigate immunopathologic 
events in the evolution of cutaneous lesions in pemphigus foliaceus, 
we observed that in this condition the epidermis is replete with 
CD68+ dendritic cells. To our knowledge, this phenomenon has 
neither been reported for normal nor diseased skin and the present 
study was therefore designed to investigate the immunologic phe-
notype and morphology of this novel CD68+ epidermal cell popu-
lation. Here we show that the intraepidermal CD68+ dendritic cells 
are CD45+ /CD1a- /HLA-DR+ and lack Birbeck granules. They 
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pronounced expression being observed for CDllc and 
CDl8. These epidermal CD68+ cells were of dendritic 
shape, were CDla-, and lacked Birbeck granules (BG); how-
ever, a small portion of CD68+ cells was also CDla+ and 
exhibited BG as revealed by immunoelectron microscopy. 
These findings demonstrate that in certain conditions, i.e., in 
pemphigus foliaceus but not in pemphigus vulgaris, there is 
a shift from CD1a+ /CD68- epidermal Langerhans cells 
towards CDla-/CD68+ dendritic el?idermal cells. The de-
tection of a small number of CD 1 a + / CD68+ /BG+ dendritic 
epidermal cells may identify these cells as a link between the 
CDla+ /CD68+ /BG+ Langerhans cells and the CDla-/ 
CD68+ /BG- cell population and suggests that these cells 
represent a transitional form of myelomonocytic cells during 
their phenotypic and morphologic transformation into resi-
dent epidermal Langerhans cells. ] Invest Dermato11 01 :256-
261, 1993 
apparently replace CD45+ /CD1a+ /HLA-DR+ /BG+ LC. This 
occurs only in pemphigus foliaceus and not in another autoimmune, 
acantholytic disease [7], pemphigus vulgaris. However, a small por-
tion of CD68+ cells exhibits Birbeck granu les or is CDla+, suggest-
ing that transitions between LC and intraepidermal CD68+ den-
dritic cells may occur. 
MATERIALS AND METHODS 
Patients Five patients with pemphigus foliaceus (ages 20 to 70 years, 
mean 45) and five patients with pemphigus vulgaris (ages 18 to 55 years, 
mean 38) were included in this study. All were Caucasian and lived in 
Europe. Pemphigus foliaceus was differentiated from pemphigus vulgaris by 
a) histopathology showing acantholysis within the granular layer in pem-
phigus foliaceus versus suprabasal acantholysis in pemphigus vulgaris epi-
dermis and b) by Western blot and immunoprecipitation analysis of patient's 
sera demonstrating antibodies recognizing a 160-kD and a 130-kD band in 
patients with pemphigus foliaceus and pemphigus vulgaris, respectively. 
After informed consent had been obtained biopsies were taken from lesional 
skin in each patient. One part of each skin biopsy was kept in 10% buffered 
formalin, pH 7.4, for paraffin embedding and routine histopathology; one 
part was immediately snap frozen in liquid nitrogen, for immunopathologic 
investigations; and one part was processed for immunoelectronrnicroscopy 
(see below). 
Monoclonal Antibodies (MoAbs) (Table I) MoAbs were diluted in 
phosphate-buffered sal ine (PBS) (pH 7.4)jbovine serum albumin (13SA) 
0.1%. 
Imntnnoperoxidase and Immunofluorescence Double-Labeling 
Methods Five-micrometer cryostat sections were air dried and fixed in 
acetone, and a three-step immunoperoxidase (ABC) technique was per-
formed as described previously [8]. Double staining was performed with a 
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Table I. Monoclonal Antibodies 
Antibodies 
CDla OKT6 
CDta T6 RDI 
CDlb IOT6b 
CD1c lOT6C 
CD3 a-Leu-4 
CD4 a -Leu-3a 
CD8 a-Leu-2a 
CDlla lOT16 
CDllb OKMI 
CDlic a-Leu-M5 
CDl1c lOMllc 
CDllc KiMl 
CD14 a-Leu-M3 
CD18 lOT18 
CD19 a-Leu-12 
CD36 OKM5 
CD45 a-HLe-l 
CD54 ICAM-1 
CD68 Ki-M7 
HLA-DR 
Ki-M8 
BF1 
IgG 
Isotype 
IgGl 
IgGl 
IgG2a 
IgGl 
IgG1 
IgG1 
IgG1 
IgGl 
IgG2b 
IgG2b 
IgGl 
IgGl 
IgG2b 
IgGl 
IgGI 
IgGl 
IgGl 
IgGl 
IgGl 
IgG2a 
IgGl 
IgG2a 
Dilution 
1:1000 
1 : 20 
1:100 
1:100 
1:800 
1: 100 
1 : 100 
1 : 100 
1:100 
1:100 
1:100 
1 : 1000 
1:50 
1:300 
1:100 
1:200 
1 :200 
1:200 
1:500 
1: 1000 
1: 1000 
1:50 
Main Cellular 
Source' Reactivity! 
OD Thy, DC, LC 
C Thy, DC, LC 
I Thy, DC 
I Thy, DC, LC 
BD T3 antigen 
BD T4 antigen 
BD T8 a chain 
I LFA-1a chain 
OD Mac-l 
BD p150/95 
I p150/95 
B p150/95 
BD LPS receptor 
I P chain of CDlla,b,c 
BD B cells 
OD Thrombospondin & collagen receptor 
BD Bone marrow-derived cells 
I Ligand for LFA-l and Mac-l 
B Myelomonocytic cells 
BD HLA-DR alP chain 
B Monocytes/ macrophages 
T TCRpchain 
• B, Behring Werke; C, Coulter; BD, Becton Dickinson; I, Immunotech; 00, Onho Diagnostics; T, T-cell Sciences. 
b DC, dendritic cells; LC, Langerhans cells; Thy, thymocytes; TCR, T cell receptor. 
multistep immunofluorescence technique. After pre-incubation with nor-
mal goat serum (diluted 1 : 1~ in PBS/BSA) t.he. first !'1oAbs were visualized 
by incubation with a rhodamme or fluorescem Isothl(~cyanate - labe.led goat 
F(ab1h anti-mouse Ig (An der Grub, Kaum~erg, A) diluted ~ : 120 m PBS/ 
BSA for 30 min at room temperature. SectIOns were then Incubated With 
normal mouse serum, diluted 1: 10 in PBS/BSA. The second MoAbs, di-
rectly labeled with either fluorescein isothiocyanate or rhodamine were 
diluted 1: 10 in PBS/BSA (anti-Leu4, lOT 16, T6RDl, a-HLel). After 
incubation for 30 min at room temperature slides were mounted with buf-
fered polyvinyl alcohol (BDH Lt?, Poole, UK): Controls were performed 
by omitting the first MoAb or uSing Irrelevant Isotype-matched MoAbs as 
first-step reagents. 
Quantification of Leukocytes and Sta~istical Analysis The number 
of intraepidermal leukocytes was detemuned by countmg cells wlthm a 
length of 4 mm of epidermis irrespective of epidermal thickness in rwo 
different sections in each specimen. The density of dermal leukocytes was 
determined by counting cells in four randomly selected high-power fields 
(HPF), 0.6 mm in diameter (X40 on a Zeiss microscope), again in rwo 
different sections. The individual values obtained with each MoAb in each 
specimen were.then pooled.and t~e mean number (~~ SD) ofleu~ocytes 
per linear millImeter of epidermiS and per HPF Within the dermiS were 
determined. Statistical analysis was performed by using the Student t test. 
Immunoelectron Microscopy One specimen of pemphigus foliaceus 
and of pemphigus vulgaris, respectively, was available for electron micro-
scopic investig.ation. Three cubic millimeter pieces were fixed in parafor-
rnaldehyde lysine periodate (PLP) for 5 h at room temperature [9J, incubated 
in PBS/I0% dimethylsulfoxide for 1 h and frozen in liquid nitrogen-pre-
cooled isopentane. Fifteen- to rwenty-micrometer cryostat sections were 
incubated with the respective MoAbs (OKT6 and Ki-M7) and immune 
reactions were visualized by an immunogold technique as described previ-
ously [10]. Briefly, following the incubation with the first-step reagents the 
specimen were thoroughly washed in PBS/O.l % BSA for 6 h at room tem-
perature. Thereafter the sections were incubated in the immunogold re-
agent: PBS/l %BSA/I0% goat antimouse IgG conjugated to colloidal gold 
particles with a diameter of 5 nm, for 8 h at room temperature. After a final 
rinse in PBS/O.l % BSA the tissue was fixed in 1.5% glutaraldehyde in 0.1 M 
cacodylate buffer and processed for routine transmission electron micros-
copy. Ultrathin sections were cut on a Reichert Ultracut and photographed 
with a Jeol-1200 XL electron microscope. Controls were performed by 
omitting the first MoAb and by using irrelevant isotype-matched MoAbs as 
firs t-step reagents. 
Inununohistochemistry 
Pemphigus Foliaceus 
RESULTS 
KE~TlNOCYTES ~ithin areas of subcorneal acantholysis the epi-
dermiS was acanthotic (approximately 1.5 - 2 times thicker than in 
PV a~d normal skin) and keratinocytes expressed HLA-DR mole-
cules In large confluent areas, whereas intracellular adhesion mole-
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Fi,g~re 1. Absolute n~mbers of intra epidermal cells per linear mm/ epider-
mis In pemphigus foltaceus and pemphigus vulgaris. CDla+ LC are de-
creased in pemphigus foliaceus compared to pemphigus vulgaris (p < 0.05). 
CD45+ cells (p = 0.06) and CD3+ cells (p = 0.07) are comparable in both 
diseases. CD68+ cells, almost undetectable in pemphigus vulgaris epidennis, 
are numerous in pemphigus foliaceus (p < 0.001). P-2 integrins, especially 
CD11c (anti-Len M5), are expressed at a significantly higher level (p < 
0.005) in pemphigus foliaceus as compared to pemphigus vulgaris epider-
mis. 
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Figure 2. Immunofluorescence double labeling,lesional skin. Pemphigus foliaceus: (A) CD45 is green, CDla is red, double positive cells are yellow. Within 
the epidermis CD45+ jCD1a+ cells (arrows) are almost absent but the epidermis harbors numerous CD45+ jCDla- cells. (B,C) CDla is red (B), CD68 is green 
(C). Within the epidermis few CDla+ jCD68- cells (arrowh eads in B) and few CDla+ jCD68+ cells (arrows in Band C) are detectable. Most of the 
intraepidermal cells represent CDla-jCD68+ cells. Pemphigus vulgaris: (D) CD45 is green, CDla is red, double positive cells are yellow. Within the 
epidermis CD45+ jCDla+ Langerhans cells (arrowheads) are regularly distributed in their suprabasal position. This .;ection shows no intraepidermal CD45+j 
CDla- cell s. (B,F) CDla is red (B) , CD68 is green (B). Within the epidermis one single CDla+ cell shows the intracytoplasmic expression ofCD68 (arrow in 
E and F) . Most of the intraepidermal cells represent CDla+ jCD68- dendritic cells (arrowheads in B). Magnification X 70; basement membrane zone marked by 
a dotted /if/e. 
cule 1 antigen expression appeared to be restricted to small foci in 
the basal cell layer. 
EPIDERMAL DENDRITIC CELLS Numbers of CD1a+ /HLA-DR+ 
LC (17 ± 8.4 cells/linear mm) were significantly reduced (p < 
0.05) as compared to pemphigus vulgaris (38 ± 12) and normal skin 
(Figs 1 and 2A,D) [11]. Fifty percent thereof were CDlc+, all were 
CDlb-, and single cells were CDllc+. In addition, throughout the 
suprabasallayers the epidermis harbored large amounts of CD68+ 
dendritic cells (Figs 1 and 2A - C) , which also expressed CD45 and 
HLA-DR molecules as seen in staining of serial sections. Most of the 
CD68+ cells were CDla-. Approximately 5% of CD68+ cells co-
expressed COla molecules and were thus CDla+ /CD68+ {Fig 
2B,C). All CD68+ cells were unreactive for anti-CDlb, CDllc, 
CD3, CD36, and Ki-M8 MoAbs as evidenced by serial sections and 
double-labeling experiments. Approximately 70% of CD68+ cells 
expressed COlle molecules, and to a lesser extent COlla and 
CDllb molecules (for absolute numbers see Fig 1). Of the three 
anti-CDllc antibodies tested only two (Leu-M5 and rOM llc but 
not Ki-Ml) reacted with the CD68+ ceUs as well as with single 
CDla+ cells. 
EPIDERMAL T CEllS CD3+ /TCRa/p /CD11a+ T cell s were in-
creased (10 ± 6) but not significan tly as compared to pemphigus 
vulgaris (3.9 ± 2.8), p = 0.07 (Fig 1) and normal skin. Ki-M8+ 
macrophages and CDl9+ B cells were not detectable. 
Figure 3. Ultrastructural demonstration of CD68+ (a,b,c) and CDla+ (d) dendritic epidermal cells. Express ion of CD68, visualized by 5-nm gold particles 
(opm arrows) is mostly restricted to the membranes of phagolysosomes (large arrows). Sporadically, labeling of the cytoplasmic membrane (open arrows in b) is 
also observed. The presence of Birbeck granules within CD68+ cells is clearly demonstrated in a,b, and c. A CD1a+ epidermal LC (small arrows) with large 
amounts of phagolysosomes (large arrows), similar to that observed in CD68+ cells, is shown in d. Arrowheads indicate neighboring keratinocytes; BG, Birbeck 
granules; DC, dendritic cell. Bars: a, 300 nm; b, 250 nm; C, 350 nm. 
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DERMAL LEUKOCYTES Numbers of CD3+/TCRa/p+/CDlla+ 
T cells (105 ± 15.8 cells/HPF, the GD4/CD8 ratio being 1: 1) 
and numbers of CD14+/CD68+/Ki-M8+/CDllc+ macrophages 
(43 .2 ± 12.8) were significantly increased compared to pemphigus 
vulgaris (p < 0.05) and normal skin [11]. 16 ± 6.3 cells/HPF ex-
pressed CD36 molecules. CDla+ LC (11 ± 6) were found in peri-
vascular localization, and were exclusively CD68-. 
Pemph igus Vulgaris 
KERATINOCYTES Within areas of suprabasal acantholysis the ep-
idermis showed no signs of acanthosis. Keratinocytes were HLA-
DR and intracellular adhesion molecule 1 negative. 
EPIDERMAL DENDRITIC CELLS CDla+ /HLA-DR+ LC were regu-
larly distributed in their suprabasal position (Figs 1 and 2D). Their 
density (38 ± 12 cells/linear mm) corresponds to that seen in nor-
mal human epidermis (33 cells/linear mm) [11]. Twenty percent of 
CDla+ LC were CDlc+; all were CDlb-. Single CDla+ cells were 
CD68+ (Fig 2E,F). CDla-/CD68+ were undetectable. 
EPIDERMAL T CELLS CD3+ /CDlla+ T cells (3.9 ± 2.8) bore the 
a/ P chain T-cell receptor and were either CD4+ or CD8+. Ki-M8+ 
macrophages or CD 19+ B cells were absent. 
DERMAL LEUKOCYTES The density and distribution of dermal 
leukocytes did not differ from that seen in normal skin [11]. CD3+ / 
TCRa/p+ /CDlla+ T cells (25 ± 13 cells/HPF), the CD4/CD8 
ratio being 1.1, CD14+/CD68+/Ki-M8+/CDl1c+ macrophages 
(16 ± 13.6), CD36+ cells (10.8 ± 5.8) and CDla+ LC (11 ± 4.7) 
were detectable. Focally, CD45+ /CD36+ /CD68+ cells (7.5 ± 9.6) 
were lining the dermo-epidermal junction. 
Ultrastructure of Intra epidermal Dendritic Cells 
Pemphigus Foliaceus: Within the epidermis only few CDla+ LC 
were detectable, and all showed typical Birbeck granules within 
their cytoplasm. Interestingly, some CD1a+ LC contained large 
amounts of phagocytosed melanosomes (Fig 3d). In addition, nu-
merous dendritic cells with folded and sometimes segmented nuclei 
were present. Within their cytoplasm cell organelles such as endo-
plasmic reticulum, mitochondria, a Golgi-apparatus, and endo-
somes were observed. A dominating morphologic feature of these 
cells was the presence of multiple phagolysosomes in which mela-
nosomes were stored (Fig 3a-d) [12]. These cells regularly ex-
pressed CD68 on the outer leaflet of the membranes of phagolyso-
somes, as demonstrated by immunogold labeling. Sporadically, a 
distinct staining of the cell surface was also detectable (Fig 3b). The 
majority of the CD68+ cell population did not exhibit Birbeck 
granules even in serial sections. However, occasionally CD68+ cells 
showed typical Birbeck granu les within their cytoplasm (Fig 3a-c). 
It is likely that these cells represented the rare CD 1a+ /CD68+ 
dendritic cells seen by light microscopy. 
Pemphigus Vulgaris: LC, as characterized by the presence of Bir-
beck granules, were easily detectable in pemphigus vulgaris skin. 
Intraepidermal CD68+ cells (as evidenced by light microscopy) 
were extremely rare within the pemphigus vulgaris epidermis (Fig 
2e,J), and thus immunoelectron microscopy was not performed in 
pemphigus vulgaris specimens. 
DISCUSSION 
In this report we show that in pemphigus foliaceus the epidermis 
harbors a sizable population of CD45+ /CD68+ /HLA-DR+ / 
CDla- cells in suprabasal location. These CD68+ dendritic cells 
lack Birbeck granu les and express p2-integrins, the most pro-
nounced expression being observed for CDllc and CD18. They are 
negative for CD14, Ki-M8, CD 36, and/or the T- and B-cell 
markers tested. We also demonstrate that the CD45+ /CDla+ / 
HLA-DR+ LC population in pemphigus foliaceus epidermis is sig-
nificantly reduced. This suggests that in this condition but not in 
another related autoimmune disease, pemphigus vulgaris, epider-
mal LC are, in part, replaced by CD68+ dendritic cells. CD68 is an 
early-appearing myelomonocytic marker that seems to be retained 
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during the monocyte differentiation pathway [1,2]. In normal 
human skin CD68+ cells are not found within the epidermis but 
represent a heterogenous population within the dermis [3]. It is 
therefore most likely that the epidermal CD68+ dendritic cell pop-
ulation is recruited from the dermal compartment. The lack of 
Ki-M8 and CD14 antigen expression suggests that they are differ-
ent from the classical "phagocytic" mononuclear cells described 
[2,3]. That these bone marrow - derived cells are negative for CD36 
also suggests that they are different from the CD45+ /CD36+ cells 
lining the dermo-epidermal junction in certain inflammatory con-
ditions, for example, in atopic dermatitis [13]. 
The lack of Birbeck granules and the absence of CD 1 a molecule 
expression distinguishes the intraepidermal CD68+ cells from clas-
sical LC [14]. However, our study also shows that in contrast to the 
majority of the epidermal CD68+ /CD1a- and BG- dendritic cells 
an (exceedingly) small number of cells are CD68+ /CD1a+ and/or 
CD68+ /BG+. BG and CDla surface antigen expression are obliga-
tory characteristics of resident LC, but LC lose these attributes in 
culture [4,15,16] . Therefore, a case could be made for the epidermal 
dendritic CD68+ /CDla+ and the CD68+ /BG+ cells to represent a 
transitional link between the intraepidermal phagocytic CD68+ / 
CDla- macrophage and the classical CDla+ accessory cells, i.e., the 
LC population. This hypothesis is further supported by the observa-
tion of this study that all CD68+ cells show cytoplasmic organelles 
associated with phagocytosis, i.e., phagolysosomes, which are usu-
ally not found in such quantities in epidermal LC. Previous immun-
ohistochemical investigations on the repopulation of the skin by LC 
in bone marrow recipients have provided evidence for a phenotypic 
transformation of "phagocytic" dermal macrophages to LC [17,18]. 
Also, fresh epidermal cell suspensions obtained from psoriatic skin 
have been shown to contain CD45+ /CDla-/CD36- cells (not 
tested for CD68 expression), which resembled cultured LC in their 
capacity to induce proliferation of syngeneic and allogeneic T cells 
[19]. The differential expression of CDllc epitopes by epidermal 
LC [3,4,15,20] versus that of the macrophage population predomi-
nating in the dermis [3] may be helpful in characterizing the epider-
mal CD68+ cells further. The MoAbs Leu-M5 and IOMllc recog-
nize the CDllc antigen on virtually all skin cells of monocytic 
origin including the epidermal LC, the epidermal CD68+ cells de-
scribed in this study, and dermal macrophages. The MoAb Ki-M l 
recognizes a different CDllc epitope that is expressed on dermal 
macrophages but is not detectable on both the epidermal LC [3] and 
the epidermal CD68+ cells described herein, again suggesting at 
least a phenotypical relationship between LC and epidermal CD68+ 
cells. 
The appearance of CD68+ cells within the epidermis is associated 
with HLA-DR and ICAM-l expression on keratinocytes and with a 
dermal infiltrate composed ofT cells and macrophages representing 
an inflammatory process encompassing dermis and epidermis. Part 
of this process is the loss of epidermal CDla+ LC. Although we 
cannot exclude that epidermal LC loose CDla and acquire CD68 
molecules, it is more likely that in pemphigus foliaceus CDl a+ / 
BG+ LC are replaced by CD68+ cells from the dermal compart-
ment. It remains to be clarified whether these CD68+ dendritic 
cells, when entering the epidermis during the inflammatory pro-
cess, are replacing the classical epidermal LC or represent precursor 
cells that differentiate into CDla+, BG+ resident LC. The latter 
hypothesis is supported by the study ofInaba et al [21], who showed 
that dendritic cell precursors in mouse blood lack certain surface 
markers that are found on mature dendritic cells but express macro-
phage markers and P2-integrins (CDIlb and CD 11c). 
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NEWS FROM THE SOCIETY FOR INVESTIGATIVE DERMATOLOGY 
Cleveland, Ohio-Irma Gigli, M.D., has been elected to membership in the Institute of 
Medicine of the National Academy of Sciences. Only three other members of the Society for 
Investigative Dermatology have been honored by election to the 10M: They are Aaron B. 
Lerner, M.D., Ph.D., Steve 1. Katz, M.D., Ph.D. and Marie-Louise Johnson, M.D. 
Dr. Gigli is Chief, Division of Dermatology, at the University of California, San Diego. She 
served as President of the SID in 1990. In addition, she has served as a member of the Board of 
Directors and on several of the Society's committees. Currently, she is the SID representative to 
the Council on Research of the American Academy of Dermatology. 
